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Ethnopharmacological relevance: Cenostigma macrophyllum Tul. var. acuminata Teles Freire (Leguminosae-
Caesalpinioideae), popularly known in Brazil as “caneleiro”, is widely used in folk medicine against
gastrointestinal diseases. In previous studies, the ethanol extract of leaves from Cenostigma macrophyllum
Tul. var. acuminata Teles Freire had shown antinociceptive, anti-inﬂammatory, antibacterial, antioxidant
and antiulcerogenic activities.
Aim of the study: The aim of this study was to assess the gastroprotective effect of the hydroalcoholic
fraction of leaves of Cenostigma macrophyllum Tul. var. acuminata Teles Freire (Cm-FHA), as well as to
elucidate the possible underlying mechanisms of action.
Materials and methods: Mice were used for the evaluation of the acute toxicity, and mice and rats to
study the gastroprotective activity. The potential gastroprotective of Cm-FHA was assessed on different
gastric ulcer models in rodents, such as absolute ethanol, HCl/ethanol, ischemia-reperfusion, cold
restraint stress and indomethacin. The participation of prostaglandins, NO-synthase pathway and ATP-
sensitive potassium channels (KATP) in gastroprotective activity of Cm-FHA were evaluated after
treatment with a cyclooxygenase inhibitor (indomethacin), a NO-synthase inhibitor (L-NAME) and a
KATP channel blocker (glibenclamide 5 mg/kg), respectively. Likewise, the catalase activity was determi-
nated in order to assess the possible participation of antioxidant mechanisms.
Results: No signs of acute toxicity was observed after oral acute administration of Cm-FHA, considering
the analyzed parameters. Likewise, Cm-FHA promoted a protective effect against gastric ulcers induced
by absolute ethanol (lesion inhibition by 40% at both 100 and 200 mg/kg), HCl/ethanol (lesion inhibition
by 50 or 48% at 100 or 200 mg/kg, respectively), ischemia-reperfusion (lesion inhibition by 49 or 90% at
100 or 200 mg/kg, respectively) and cold restraint stress (lesion inhibition by 63 or 76% at 100 or 200 mg/
kg, respectively), as well as a increase of catalase activity was observed. Otherwise, Cm-FHA was not able
to protect gastric mucosa against indomethacin-induced lesions. Nitric oxide release, the of KATP
channels opening and antioxidant activity are the possibly involved in the Cm-FHA-induced gastro-
protective activity.
Conclusion: This study corroborates the folk medicine use of Cenostigma macrophyllum for treatment of
gastric ulcers, as well as reinforces this species as a valuable source of promising natural drugs with
gastroprotective activity.
& 2013 Elsevier Ireland Ltd. All rights reserved.
1. Introduction
The gastric ulcer is characterized by necrosis, inﬁltration of
neutrophils, reduction in blood ﬂow, induction of oxidative stress,
and secretion of inﬂammatory mediators (De Souza et al., 2011). Its
etiology is widely discussed, but the deﬁnition that gastric lesions
are caused by an imbalance between the protective factors and
aggressive factors of gastric mucosa is still accepted (Laine et al.,
2008). Aggressive agents can include the increased secretion of
hydrochloric acid and pepsin, the consumption of non-steroidal
anti-inﬂammatory drugs and alcohol, as well as stressful condi-
tions. In turn, protective effects are mediated by the secretion of
prostaglandins, mucus and bicarbonate by mucosal cells, and
adequate blood ﬂow (Beserra et al., 2011).
Several drugs have been used for the treatment of gastric
ulcers, such as proton pump blockers (omeprazole, lansoprazole)
and histamine H2 receptor blockers (ranitidine, famotidine) which
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reduces the acid secretion, while antacids neutralize acid secre-
tion. However, many of these drugs can promote not only a wide
range of side effects, but also a low efﬁcacy in gastric ulcers
treatment (Jain et al., 2007). Therefore, the need for more
effective and safer new antiulcer agents is markedly evident.
Hence, efforts are headed toward the ﬁnd of suitable treatment
from natural product sources (Sanders, 1996) whereby, some
plant extracts can be valuable as a new source of therapeutics in
the treatment of gastric ulcers (Schmeda-Hirschmann and Yesi-
lada, 2005). For this purpose, three main functions including
antisecretory, cytoprotective and antioxidant activities, isolated
or in combination, are the main responsible for gastric mucosal
protection (Al Moﬂeh, 2010).
Cenostigma macrophyllum Tul. var. acuminata Teles Freire
(Leguminosae-Caesalpinioideae) is a medicinal plant popularly
known in Brazil as “caneleiro” or “canela-de-velho”. Its bark and
leaves are widely used in folk medicine for gastrointestinal
diseases treatment, prepared by a decoction or a infusion
(Sousa et al., 2007). Accordingly, a marked antiulcerogenic effect
for the ethanol extract from Cenostigma macrophyllum leaves has
been demonstrated, as well as anti-inﬂammatory, antioxidant,
antinociceptive and antibacterial properties (unpublished
results). Interestingly, the Cenostigma macrophyllum stem barks
possess antinociceptive activity against neuropathic pain in
experimental diabetes (Piaulino et al., 2013). Besides, preliminary
phytochemical study has demonstrated some pentacyclic triter-
penes in the hexanic fraction, as well as biﬂavonoids in the
hydroalcoholic fraction (Sousa et al., 2007).
Hence, the present study proposes to assess the gastroprotective
activity induced by the hydroalcoholic fraction from leaves of
Cenostigma macrophyllum (Cm-FHA), as well as the possible
involved mechanisms using models of acute gastric ulcer.
2. Materials and methods
2.1. Drugs and chemicals
The following drugs were used: absolute ethanol (Vetec P.A.,
Brazil), cimetidine (Medley, Campinas, Brazil) carbenoxolone, N-
acetylcysteine (NAC), indomethacin, L-NAME (NG-nitro-L-arginine
methyl ester), L-arginine, diazoxide, glibenclamide were from
(Sigma Chemical Co., St. Louis, USA). The Cm-FHA was diluted in
saline solution (NaCl 0.9%) or distilled water. The chemicals used in
the buffers and other solutions were all of analytical grade. All
drugs and reagents were prepared immediately before use.
2.2. Plant material and preparation of fractions
Leaves of Cenostigma macrophyllum Tul. var. acuminata Teles
Freire were collected from the campus of Federal University of
Piauí in July, 2009. A voucher specimen (no. TEPB 10,374) has been
deposited at the Graziela Barroso Herbarium of the Federal
University of Piauí, Brazil.
The dried and powdered leaves (4.0 kg) were submitted to 95%
ethanol extraction in 5 consecutive steps at room temperature.
The concentrated ethanol extract, 547 g (13.7%), was suspended in
methanol/water (1:2) and successively extracted with ethyl acet-
ate yielding the aqueous (F. H2O; 154 g, 28.2%) and ethyl acetate (F.
AcOEt; 384 g, 70.2%) phases. The latter was concentrated, sus-
pended in methanol/water (9:1) and extracted successively with
hexane producing a hexane (145.9 g, 38.0%) and a hydroalcoholic
fraction (Cm-FHA, 231.0 g, 60.2%).
2.3. HPLC analysis of Cm-FHA
Elution was performed with MeOH/H2O (73:27), in a isocratic
elution mode, at a ﬂow rate of 1.0 mL/min, at room temperature
(25 1C) and a 30 μL injection of Cm-FHA at a concentration of
5.0 mg/mL. The chromatograms were monitored at 330 nm. The
equipment used was Analytical reversed-phase HPLC, Shimadzus
prominence system (comprising a model LC-6AD pump, a manual-
sampler, and an SPD-20A UV detector) ﬁtted with a Shim-pack
CLC-ODS(M) C18 column (250 mm4.6 mm, 5 μm), with control
and data handling managed by the LC solution software.
2.4. Animals
All experiments were carried out using male Swiss mice (20–
30 g) and Wistar rats (180–200 g) with free access to food and
water and in a 12 h dark-light cycle at 25 1C. They were fasted for
18 h and then acclimatized to the test environment for 2 h prior to
each experiment. The animals were randomly assigned to different
groups. The study was carried out at the Federal University of Piauí
(UFPI) and had been previously approved by the Ethics Committee
for Animal Research under protocol N1 23/08.
2.5. Acute oral toxicity study
This study was carried out as described by Souza-Brito (1994).
Male and female mice (n¼10) received Cm-FHA at a single dose of
2000 mg/kg (10 mL/kg) and the control group received saline
(10 mL/kg) by gavage. The number of deaths, body weight and
behavior were recorded daily for 14 days after the treatment.
2.6. Gastroprotective activity
2.6.1. Absolute ethanol-induced gastric ulcers
Mice (n¼6–9) were orally pretreated with vehicle (NaCl 0.9%),
positive control (carbenoxolone 100 mg/kg) or Cm-FHA (50, 100 or
200 mg/kg). After one hour they were treated with absolute
ethanol (0.2 mL, p.o.). After 30 min, the animals were euthanized
and their stomachs were removed and opened along the greater
curvature to determine the lesion area by planimetry (mm2) using
ImageJ-NIHs. The methodology was according to Morimoto et al.
(1991), with few modiﬁcations.
2.6.2. HCl/ethanol-induced gastric ulcers
In this test, mice (n¼6–8) were orally treated with vehicle
(NaCl 0.9%), carbenoxolone (100 mg/kg) or Cm-FHA (50, 100 or
200 mg/kg). After one hour the animals were treated with HCl/
ethanol solution, according to the method of Mizui and Doteuchi
(1983). Animals were euthanized 1 h after of ethanol/HCl admin-
istration and their stomachs were removed and opened along the
greater curvature to determine the lesion area as above described.
2.6.3. Ischemia-reperfusion-induced gastric ulcers
Rats (n¼8–10) were pretreated with vehicle, positive control
(N-acetylcysteine (NAC) 750 mg/kg i.p.) or Cm-FHA (50, 100 or
200 mg/kg p.o.). After one hour, ischemia-reperfusion gastric
lesions were induced in rats according to Yoshikawa et al.
(1989). In summary, under xylazine/ketamine anesthesia (5 and
50 mg/kg, i.m. respectively), the celiac artery was clamped with a
small device for 30 min. After this, the clamping device was
removed to obtain reperfusion. After 1 h of reperfusion, the
animals were euthanized and their stomachs removed and opened
along the greater curvature to determine the lesion area as above
described.
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2.6.4. Cold restraint stress-induced gastric ulcers
Rats (n¼5–6) were orally treated with vehicle (NaCl 0.9%), Cm-
FHA (50, 100, 200 mg/kg, p.o.) or cimetidine (100 m/kg, p.o.). One
hour after, rats were individually restrained in plastic bottles and
placed inside the cages were kept at 471 1C for 3 h, according to
method of Senay and Levine (1967), with some modiﬁcations.
After this time, the animals were euthanized and their stomachs
removed and opened through the greater curvature to establish
the lesion area using planimetry (mm2). Thereby, the following
protocols were focused at the minor dose capable to produce the
more effective gastroprotection, which was 100 mg/kg.
2.6.5. Indomethacin-induced gastric ulcers
According to Bhargava et al. (1973), rats (n¼5–7) were orally
treated with vehicle, positive control (cimetidine 100 mg/kg) and
Cm-FHA (100 mg/kg). One hour later, a dose of indomethacin
30 mg/kg s.c. (0.1 mL/100 g) suspended in a 5% bicarbonate aqu-
eous solution was administered. Six hours later, the animals were
euthanized and their stomachs were removed, rinsed with saline
the lesion extensions were recorded attributing scores according
to Szabo et al. (1985).
2.6.6. Role of nitric oxide (NO) on the gastroprotective
effect of Cm-FHA
Mice were divided into ﬁve groups (n¼6–10) and treated with
vehicle, positive control (L-arginine, 600 mg/kg, i.p.) and Cm-FHA
(100 mg/kg, p.o.) alone or combinated with L-NAME (20 mg/kg, i.p.)
prior to induction of gastric damage with absolute ethanol. While
Cm-FHA was administered 1 h before, L-NAME and L-arginine were
given 30 min prior to ethanol. One hour after ethanol treatment, the
rats were euthanized for the determination of the gastric lesions
(Olinda et al., 2008).
2.6.7. Role of KATP channels on the gastroprotective effect of Cm-FHA
Mice (n¼5–8) were pretreated with vehicle, positive control
diazoxide (3 mg/kg, i.p.) or Cm-FHA (100 mg/kg, p.o.), alone or
combinated with glibenclamide (5 mg/kg, i.p.) prior to induction
of gastric damage with absolute ethanol. Cm-FHA was adminis-
tered before 1 h, whereas diazoxide was administered 30 min
prior to ethanol or glibenclamide. Glibenclamide was adminis-
tered 30 min before Cm-FHA (Olinda et al., 2008).
2.6.8. Catalase activity
Catalase enzymatic activity was assayed according to a mod-
iﬁcation of the spectrophotometric method of Beers and Sizer
(1952). Mice (n¼7–10) were pretreated with vehicle, positive
control N-acethyl cysteine (NAC, 750 mg/kg i.p.) or Cm-FHA
(100 mg/kg p.o.). Then, the gastric lesions were induced by
absolute ethanol (Morimoto et al., 1991). After euthanasia, the
stomachs were removed and diluted in ice-cold buffer (KH2PO4/
K2HPO4, pH¼7.4) and then centrifuged at 2000 g for 15 min.
A substrate solution of hydrogen peroxide 0.05 M was prepared
with 0.05 M KH2P04 buffer, pH 7.4 in distilled water. Then, 0.1 mL
of centrifuged supernatant was added to 1.9 mL of substrate
solution and the levels of hydrogen peroxide were determined at
240 nm for 6 min. A decline curve was designed and the activity
was measured in mM/min/100 mg of tissue.
2.7. Statistical analysis
Data are presented as the mean7S.E.M. Statistical analysis was
carried out using One-way analysis of variance (ANOVA) followed
by Tukey's test. Values of po0.05 were considered as signiﬁcantly
differences between means.
3. Results
3.1. Acute oral toxicity study
The oral acute administration of Cm-FHA at the dose of
2000 mg/kg did not produce any signs of acute toxicity in the
treated animals. During the following 14 days after the administra-
tion of Cm-FHA, no one death was observed. After autopsy, no
signiﬁcant changes or lesions were observed in the internal organs.
These data lead to the choice of safe doses in the assessment of the
gastroprotective effect induced by Cm-FHA.
3.2. Absolute ethanol-induced gastric ulcers
As shown in Table 1, oral administration of Cm-FHA reduced the
area of gastric lesions induced by absolute ethanol compared with
the control group (Cm-FHA 100 or 200 mg/kg: 32.874.0 or
33.276.3 mm2, respectively versus the control group (54.27
5.8 mm2) with lesion inhibition of 40 and 39% to 100 and
200 mg/kg, respectively). Carbenoxolone (100 mg/kg) also reduced
the gastric lesions (29.071.9 mm2) with lesion inhibition of 46%.
However, at the dose of 50 mg/kg, Cm-FHA did not decrease the
lesions scores.
3.3. HCl/ethanol-induced gastric ulcers
For the ethanol/HCl-induced gastric ulcers, the mice pre-treated
orally with Cm-FHA showed a reduction of gastric ulcers. No
signiﬁcant differences were found between the use of 50 mg/kg
and the negative control group. The doses of 100 and 200 mg/kg
signiﬁcantly decreased the lesions induced by ethanol (50 and 48% of
inhibition, respectively), but there were no signiﬁcant differences
between them (Cm-FHA 100 and 200 mg/kg: 25.771.5 and
26.675.8 mm2, respectively versus control group: 51.772.7 mm2).
Carbenoxolone protected by reducing the number of lesions more
signiﬁcantly ( 18.073.8) (Table 1).
Table 1
Effect of the hidroalcoolic fraction of Cenostigma macrophyllum Tul. var. acuminata
Teles Freire (Cm-FHA) in the different gastric lesion models in mice and rats. The
values are expressed as mean7SEM (n¼57).
Gastric lesion
model
Treatment Doses
(mg/kg, p.o.)
Gastric lesion
area (mm2)
Inhibition
(protection)
(%)
Absolute
ethanol
(mice)
Control(Vehicle) – 54.275.8 –
50 46.972.8 13
Cm-FHA 100 32.874n 40
200 33.276.3n 40
Carbenoxolone 100 2971.9nnn 46
Acidiﬁed
ethanol
(mice)
Control
(Vehicle)
 51.772.7 
50 45.371.7 12
Cm-FHA 100 25.771.5nnn 50
200 26.675.8nnn 48
Carbenoxolone 100 1873.8nnn 65
Ischemia/
reperfu-
sion(rats)
Control(Vehicle)  87.673.6 
50 66.279 26
Cm-FHA 100 46.676.9nnn 49
200 12.872.0nnn 90
NAC 200 18.873.0nnn 83
Indomethacin
(mice)
Control
(Vehicle)
 51.174.8 
Cm-FHA 100 63.277.2 0
Cimetidine 100 7.271.4nnn 86
n po0.05.
nnn po0.001 vs. control. ANOVA one way followed by Tukey's test.
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3.4. Ischemia-reperfusion-induced gastric ulcers
The total area of gastric lesions induced by ischemia-
reperfusion decreased (46.676.9 and 12.872.0 mm2) after oral
treatment with Cm-FHA (100 and 200 mg/kg, respectively) when
compared with the control group (87.673.6 mm2), with lesion
inhibition of 49 and 90% for 100 and 200 mg/kg, respectively. The
protective effect of Cm-FHA was compared with the effects of the
standard antioxidant NAC (750 mg/kg, i.p.). However, at the dose
of 50 mg/kg, Cm-FHA did not decrease the lesions scores (Table 1).
3.5. Cold restraint stress-induced gastric ulcers
The oral administration of Cm-FHA at doses of 100 and 200 mg/kg
were able to reduce the gastric lesions to 3.571.0 and 2.571.4 mm2,
respectively, when compared with the control group (10.671.3 mm2).
The Cm-FHA-induced gastroprotective effect (200mg/kg) was similar
to cimetidine (100 mg/kg, p.o.) the standard drug (1.170.4 mm2). At a
dose of 50 mg/kg, the Cm-FHA not signiﬁcantly decreased the lesions
scores (Figs. 1 and 2).
3.6. Indomethacin-induced gastric ulcers
As summarized in Table 1, Cm-FHA (100 mg/kg) failed to reduce
the lesions scores of gastric ulcers (63.277.2 mm2) induced by
indomethacin (30 mg/kg) compared with the control group
(51.174.8 mm2). Otherwise, the cimetidine signiﬁcantly reduced
the lesion scores (7.271.4 mm2) when compared with the control
(51.174.8 mm2).
3.7. Role of nitric oxide on the gastroprotective effect of Cm-FHA
As shown in Fig. 3, L-NAME (20 mg/kg, i.p.), an inhibitor of NO
synthase (NOS) activity, signiﬁcantly blocked the gastroprotection
produced by Cm-FHA (100 mg/kg, p.o.) and L-arginine (600 mg/kg,
i.p.), suggesting a possible participation of the nitric oxide in Cm-
FHA-induced gastroprotective effect.
3.8. Role of KATP channels on the gastroprotective effect of Cm-FHA
Pretreatment with glibenclamide (5 mg/kg, i.p.), a KATP channel
blocker, signiﬁcantly reduced the gastroprotection produced by Cm-
FHA (100 mg/kg, p.o.) and diazoxide (3 mg/kg, i.p.) indicating a role
for KATP channels in Cm-FHA-induced gastroprotective effect (Fig. 4).
Fig. 1. Effect of fraction (Cm-FHA) at doses of 50, 100 and 200 mg/kg (p.o.) on cold
restraint stress-induced ulcer, in rats. Results are expressed as mean7SEM (n¼5–
6). nnnpo0.001 vs. control (ANOVA one way followed by Tukey′s test).
Fig. 2. Gastroprotective effects of Cm-FHA on cold restraint stress-induced ulcers damage in rats. Illustrative picture of stomach: (A) control mice received a single saline
administration p.o. (10 mL/100 g); (B) positive control mice received a single dose of cimetidine (100 mg/kg); and (D, E and F) experimental rats received a single p.o.
administration of Cm-FHA (50, 100 and 200 mg/kg, respectively).
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3.9. Catalase activity
The catalase activity was increased after pretreatment with
Cm-FHA (100 mg/kg, p.o.) or NAC (750 mg/kg, i.p.) (180.4717.7 or
192.6720.2 mM/min/100 mg of tissue, respectively) in compar-
ison to the control vehicle (67.976.5) (Fig. 5). Likewise, its activity
was signiﬁcantly lower in vehicle-treated mice (67.976.5 mM/
min/100 mg of tissue) when compared with normal mice (NAIVE
group: 162.7713.0 mM/min/100 mg of tissue).
4. Discussion
The present study investigated the acute toxicity and the
gastroprotective activity of the hydroalcoholic fraction of leaves
of Cenostigma macrophyllum Tul. var. acuminata Teles Freire in
several experimental models of gastric lesions and their possible
mechanisms. Interestingly, the oral acute toxicological study did
not reveal any toxic effects for the Cm-FHA. These ﬁndings indicate
a safety proﬁle for the orally therapeutic use of Cm-FHA.
HPLC analysis of Cm-FHAwith co-injection of authentic standard
showed the presence of biﬂavones agathisﬂavone and amentoﬂa-
vone as the major constituents (Figs. 6 and 7). Accordingly, the
ﬂavonoids represent the largest and most important group of
polyphenolic compounds in plants (Williams and Grayer, 2004).
They exhibit a variety of pharmacological activities, including
anticancerogenic, anti-inﬂammatory, antioxidant (García-Lafuente
et al., 2009; Zheng et al., 2013) and gastroprotective effect, acting in
the prevention or reduction of gastric lesions induced by different
ulcerogenic agents (Mota et al., 2009). Several studies have shown
that the pharmacological effects of the ingestion of ﬂavonoids
typically promote no or low toxicity (Havsteen, 2002).
Ethanol and ethanol/HCl are among the most commonly utilized
experimental models for the evaluation of antiulcer activity in mice
(Morimoto et al., 1991; Mizui and Doteuchi, 1983). Constriction of
submucosal venules with subsequent stasis of blood ﬂow in
mucosal microcirculation, as well as plasma leakage from the
vascular bed, could have contributed to the widespread mucosal
injury in this model (Hua et al., 1985; Konturek et al., 1988). The
formation of gastric mucosal lesions by necrotizing agents such as
HCl and ethanol has been reported to involve the depletion of
gastric defensive mechanisms, the production of mucus and bicar-
bonate secretion (Kinoshita et al., 1995). The Cm-FHA showed
gastroprotective effect as evidenced by a marked inhibition on
absolute ethanol- and acidiﬁed ethanol-induced gastric lesions
formation.
Non-steroidal anti-inﬂammatory agents, such as indomethacin
and ibuprofen, promote decrease of cyclooxygenase activity and then
production of endogenous prostaglandin levels in the gastric mucosa
(Takeeda et al., 2004), leading to gastric hypermotility and micro-
vascular disturbances, thus promoting the activation and inﬁltration
of neutrophils, ROS production, lipid peroxidation (Laine et al., 2008).
There is growing evidence that an increase of certain endogenous
prostaglandins can enhance gastric mucosal resistance against
ulcerogenic substances such as anti-inﬂammatory agents (Wallace
and Whitte, 1985). Cm-FHA did not signiﬁcantly reduce the damage
of gastric mucosa induced by indomethacin, suggesting that its
gastroprotective effect does not involves the increase in the prosta-
glandin synthesis.
Stress is caused by both physiological and psychological factors
(Miller, 1987). The model of cold restraint stress-induced gastric
ulcers has been used due to data reproducibility and similarity with
human gastric ulcers. Stress increases the formation of reactive
oxygen species (ROS), decreases the cell proliferation rate, increases
Fig. 3. Involvement of nitric oxide in the gastroprotective effect of Cm-FHA
(100 mg/kg, p.o.) against ethanol-induced gastric damage in mice. Data are
presented as mean7SEM (n¼6–10). nnpo0.01 vs. control (vehicle);
nnnpo0.001 vs. control (vehicle); ###po0.001 vs. L-arginine alone (ANOVA one
way followed by Tukey′s test).
Fig. 4. Role of KþATP channels in the gastroprotective effect of Cm-FHA (100 mg/kg,
p.o.) against ethanol-induced gastric damage in mice. Data are presented as
mean7SEM (n¼6–9). nnpo0.01 vs. control, ##po0.01 vs. Cm-FHA; ###po0.001
vs. diazoxide alone (ANOVA one way followed by Tukey's test).
Fig. 5. Role of catalase in the anti-oxidant activity of Cm-FHA (100 mg/kg, p.o.)
against ethanol-induced gastric damage in mice. Data are presented as mean7SEM
(n¼10). nnnpo0.001 vs. control (ANOVA one way followed by Tukey's test).
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gastric juice secretion, and promotes inhibition of prostaglandin
synthesis, leading to alterations in the circulating nitric oxide and
the gastric mucosa (Bjarnason et al., 2007; Tamashiro et al., 2012).
Thus, it is clearly evident the pathophysiology of stress-induced
gastric lesions is complex and multifactorial (Kwiecien et al., 2012).
In this context, the Cm-FHA protected the gastric mucosa of animals
against stress-related injuries, conﬁrming the Cm-FHA-induced
gastroprotective effect demonstrated in the experimental models
of absolute ethanol- and HCl/ethanol-induced gastric ulcer.
Nitric oxide (NO) is a fundamental mediator underlying the
gastric defense mechanism. Several studies have shown that gastric
lesions induced by chemical agents are decreased by administration
or increased by suppression of the NO pathway (Lopez-Belmonte
et al., 1993). NO is produced via activity of NO-synthase (NOS) and
appears to be one of the major factors involved in the acid and
alkaline secretion, mucus secretion (Chandranath et al., 2002),
regulation of the gastric blood ﬂow (GBF) and gastric microcircula-
tion (Wallace, 2006). Likewise, it has been reported that NOS plays a
role in the gastroprotective effect induced by various plant-derived
drugs (Ferreira et al., 2008; Gomes et al., 2009). The pretreatment
with L-NAME, a non selective NO-synthase inhibitor, inhibited the
Cm-FHA- or L-arginine-induced gastroprotective effect, suggesting
participation of the NO pathway in this response.
NO can increase blood ﬂow by KATP channels opening (Murphy
and Brayden, 1995). The activation of afferent nerves of the gastric
mucosa releases calcitonin gene-related peptide (CGRP). Doi et al.
(1998) reported that CGRP increases gastric blood ﬂow concomi-
tantly with reduction of gastric lesion area and this effect is abolished
by glibenclamide, a KATP channel blocker. Besides, NO plays a partial
role in CGRP-induced KATP channels opening. Glibenclamide, a
Fig. 6. (A) HPLC chromatogram of mixture of Agathisﬂavone (1) and Amentoﬂavone (2). (B) HPLC chromatogram obtained from hydroalcoholic fraction (Cm-FHA) of leaves
from Cenostigma macrophyllum Tul. var. acuminata Teles Freire. (C) HPLC chromatogram obtained from hydroalcoholic fraction (Cm-FHA) with co-injection of the mixture of
agathisﬂavone and amentoﬂavone. The column was C18 with elution in MeOH/H2O (73:27) isocratic ﬂow of 1.0 mL/min.
Fig. 7. Constituents of Cm-FHA. Agathisﬂavone (1) and Amentoﬂavone (2).
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blocker of KATP channels, signiﬁcantly antagonized the Cm-FHA- or
diazoxide-induced gastroprotective effect, indicating a role for the
KATP channels in this response. Accordingly, the results also indicates
the involvement of NO in the Cm-FHA-induced gastroprotective
effect, which is probably related to KATP channels opening leading
to a increase of the gastric blood ﬂow.
Gazzieri (2007) has previously demonstrated that gastric
lesions induced by ethanol are due to the production of reactive
oxygen species (ROS), such as superoxide anion (O2), hydrogen
peroxide (H2O2) and hydroxyl radical (OH), promoting a marked
cell damage by interacting with a wide number of molecules,
including proteins and essential macromolecules such as DNA and
lipids, then promoting lipid peroxidation. In order to evaluate a
possible antioxidant effect involved in Cm-FHA effects, gastric
lesions were induced by ischemia-reperfusion in rats, and then
catalase levels were determined. Free oxygen radicals are consid-
ered mediators of gastric mucosal injury induced by ischemia-
reperfusion (Kitano et al., 1997; Nakamoto et al., 1997). These
radicals, such as hydroxyl radical, initiate a free radical chain
reaction known as lipid peroxidation with cellular membrane
damage (Ueda et al., 1989). Some antioxidant enzymes such as
superoxide dismutase (SOD), catalase (CAT) and glutathione per-
oxidase (GPx) acting on the protection of gastric mucosa against
ischemia-reperfusion injury by inhibiting the production of ROS
and detoxication of the superoxide anion (O2) and hydrogen
peroxide (H2O2) (Ogino et al., 1988; Stein et al., 1990). Besides, Cm-
FHA signiﬁcantly decreased the formation of gastric lesions
induced by ischemia-reperfusion as well as a increased in the
catalase levels was observed, which probably conﬁrms the invol-
vement of antioxidant properties in this gastroprotective effect.
5. Conclusion
Cm-FHA did not promote toxic effects and inhibited gastric
lesions induced by ethanol, ethanol/HCl, ischemia-reperfusion
injury and cold restraint stress. This effect is possibly mediated,
in part, by nitric oxide release, KATP channel opening and anti-
oxidant mechanisms due to the increase in catalase activity.
Hence, the present study provides a scientiﬁc support for the
medicinal use of leaves from Cenostigma macrophyllum Tul. var.
acuminata Teles Freire, currently used in folk medicine against
gastric lesions. Further studies are necessary to investigate addi-
tional mechanisms involved in this response as well as to assess
the gastroprotective potential of some bioactive phytoconstituents
obtained from this species.
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